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,1. 

Range  Scientific  Objectives 


In  the  general  study  of  benthic  proces.ses  an  ini()ortanl  set  of  unknowns  exists  concerning 
interactions  between  the  bed  and  the  (low  Held.  The  local  geonieLry  of  die  lied  in  part  controls  die 
structure  of  the  bottom  boundary  layer,  but  the  bed  geomeiry  itself  is  also  in  pari  conlrolled  by  die 
How.  Benthic  organisms  complicate  the  problem  luither.  Our  long-range  research  objectives  are 
to  understand  the  various  imertictioiis  between  .sediments.  How  and  organisms  in  sufHcient  detail  to 
permit  predictions  regarding  the  relative  importance  <'f  various  proces.ses  in  differeiil  environments. 
Our  approach  is  an  iterative  one  between  dieory  and  Held  mciLsuiements. 


Project  Objectives 

4 he  proximate  objectives  ol  this  re.seaich  are  to;  (1)  ilocument  the  temporal  variation  in 
microtopography  of  a  silt-bottom  (9(1  m  S'l  RES.S  site,  northern  Calilomia  shelf)  diat  is  most  often 
influenced  solely  by  biological  processes,  but  is  episodically  modified  by  physical  sediment 
transport  events,  (2)  determine  the  recovery  time  required  Inr  biological  reworking  to  erase 
physically  generated  bedlorms,  (3)  mea.sme  absoliiie  eiosion  aiul  de|iosition  amounts  lollowing 
sediment  transport  events,  atid  (4)  com[iare  measured  time-series  of  biological  and  physical 
roughness  to  predictions  based  on  combined  wave-cuiTcnt  bottom  boundary  models  that  are  forced 
using  current  vekx’ily  profiles  and  wave  data. 


Present  Status  and  Progress  During  the  (’urrent  Year 

A  stereocamera  tripod  that  was  deployed  in  .•  November  1990  :it  the  90  ni  (C3)  S  TRESS  site 
was  successfully  recovered  in  mid-March  1991.  Stereopholographs  of  a  40  by  60  cm  area  of  the 
sea  bottom  were  taken  at  a  12  hr  interval  for  approximately  90  d.  High-resolution  (<  1  mm) 
measurements  of  bottom  microtopography  are  being  made  using  a  calibrated  stcreocomparator  and 
close-range  photogrammeuic  techmtjue.s. 


During  the  deployment  five  tiualilalively  dilleient  bed  conligurations  were  ob.served.  In 
ortler  of  decreasing  Irecpiency  these  weie;  ( 1 )  biogemcally  reu  t>i  ked  bed,  (2)  smootheil  to  scorned 
bed,  (3)  current-rippled  bed,  (4)  scour-pitted  bed.  and  isnbiHh  narallel  biMliMi n.s.  u^d 
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cunliguialions  2  and  4  may  be  gciiclically  telaicd  and  only  indicative  of  differing  magnitudes  of 
erosion.  Flow  directions  for  the  physical  bed  configurations  were  approximately  parallel  to  the 
local  isobaths,  with  die  current  ripples  always  indicative  of  polewaid  Ilow  to  die  NW,  whereas  the 
scour-pitted  lx;d  always  indicated  equatorwaid  Ilow  to  the  Sli.  Flow  diicctions  of  die  smoothed  to 
scoured  l)cd  were  variable. 

Initial  lesiilts  Irom  the  photograniineliy  iiidicale  that  lolal  veitical  bed  relief  within  the  lield 
ol  view  is  always  less  than  6  cm  anil  that  the  loot-mean-.stjiiaie  lelief  is  of  order  1  cm.  Maximal 
relief  occurs  when  the  bed  is  current  rippled  (heights  average  2  cm  and  lengths  are  about  15  cm) 
and  is  minimal  following  scour  events.  Biological  reworking  visually  destroys  the  physical  bed 
forms  in  1-2  days,  but  low  fretpiency  relief  persists  for  much  longer.  Becau.se  the  recurrence 
interval  of  bottom  erosion  at  the  90  m  S'l  RFSS  site  is  of  order  1  week  during  the  winter,  biologicrd 
reworking  does  not  return  the  bed  to  a  pre-storm  equilibrium  condition  as  is  probably  the  case  in 
deep-water  environments  (e.g.,  HEBBLE). 

Future  efforts  will  be  directed  toward  statistical  cluuacicii/.ation  of  the  bottom  roughness. 
Various  tribological  indices  are  being  applied  to  examples  of  dillcrent  bed  configurations  in  order 
to  cla.ssify  seafloor  microrelief.  Finally,  within  the  larger  context  of  the  STRESS  project  it  is  of 
interest  whether  or  not  the  flow  "feels"  the  faiily  small  changes  in  the  bed  geometry  that  we 
measure  optically.  To  address  this  issue  measured  time-series  of  bottom  roughness  will  be 
compared  to  predicted  time-.series  of  physical  loughness  that  are  obtained  from  combined  wave- 
current  bottom  boundary  models  that  aie  loiced  using  cuiteni  \elocity  profiles  and  wave  data.  The 
source  of  these  last  data  aie  (lom  colleagues  in  the  S  I  Ri;.SS  project:  Williams,  Gross  and 
Trowbridge. 
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Whealcroft,  R.A.  199  L  Quautilalive  diatiges  in  boUotu  roughness  al  the  mid-shelf 

STRE.S.S  site  in  relation  to  bed  conliguratimi  EOS,  Tnnn.  Am  Geophys.  Union,  72: 

245  (Abstract). 

Wheatcroft,  R.A.  in  pieparation.  A  time-setics  ol  geomeliical  tmitoni  roughne.ss  at  the  mid-shell 
S  rRE.SS  site:  1  he  conuasting  roles  of  physics  and  biidogs  lor  Coniincnral  Shelf  Research. 

Whealcroft,  R.A.  and  J.IT  Trowbridge,  in  pie[\iraiion.  A  cmupaiison  between  measured  and 
predicted  bottom  roughness  during  the  S  1  IUiSS-2  expcnmeiu.  lor  Journal  of  Geophysical 
Research. 


Statement  A  per  telecon  Joe  Kravltz 

ONR/Code  1125 

Arlington,  VA  22217-5000 

NWW  7/17/92 


STORM-INDIJCKI)  SKDIMKNT  TRANSPORT 
ON  Tin:  CON  I  INKNTAI.  SIII.I.F 


Ridiaxd  W.  Sicmbcrg 


Sduxd  of  Occatmgraphy  WB-10 
Uiiiversily  of  Washingloti 
Seattle,  Wasliington  98195 
(206)  515-0589 


Long-Range  Scientific  Objective 

Tliis  research  is  one  coiniKtnciit  of  the  Sediment  Transiiori  livents  on  Shelves  and  Slopes  (STRESS) 
program,  tlie  objective  of  which  is  to  study  sediment  trans(>ort  caused  by  winter  storms  on  the  continental  shelf. 

Project  Objectives 

The  objectives  of  this  com|>onent  of  the  S  TRI-SS  prognim  aie  to  make  near-bottom  measurements  of 
susiKndcd-sediinent  concentrations  over  a  range  of  v-iiiicf  sioiin  condilinns  and  to  compare  the  measurements  with 
models  of  shelf  sediment  transjxirt.  An  additional  goal  ot  the  field  cx[vtiment  was  to  provide  pliysical  and  optical 
measurements  of  susjKnded-sedimcnt  concentrations  to  compare  with  ('ptical  and  acoustic  measurements  made  by 
other  STRESS  researchers. 

Progress  In  I'i.scal  Year  1991 

The  STRESS2  field  ex|x:rimenl  was  conducted  in  Pi'91  at  the  site  of  the  Coistal  Ocean  Dynamics 
Exiwrimcnt  (CODE)  on  the  northern  California  continental  shelf.  Hie  cx|H.’riment  consisted  of  two  deployments 
beginning  in  December,  1990  and  ending  in  March.  I'^M.  Several  insimmcnts  were  successfully  deployed  and 
recovered,  and  an  excellent  data  set  was  obtained.  A  btief  discussion  of  the  instruments,  measurements,  and  initial 
analysis  of  the  data  follows. 

The  spatial-tem[K)ral  sediment  sampler  (STSS)  w.is  deployed  on  the  benthic  acoustic  strc.ss  sensor  (BASS) 
Lri|xxl  at  the  90-m  site.  STSS  was  designed  to  measure  the  susiKmded-.sediment  field,  atxl  included  six  optical 
baekscatter  sensors  (OHS),  an  acoustic  altimeter,  ami  a  d.ita  logger.  A  communications  link  witli  the  BASS  d.iia 
logger  rdlowcd  simultaneous  fnirst  measurement  ol  cuiicnts  and  sediments.  A  com|)lete  data  .set  of  hourly  OllS 
measurements  was  obtained,  each  consisting  672  1-11/  samples  at  each  sensor  (Figure  1). 

A  redesigned  remote  optical  settling  tulx:  (ROS  1 )  was  deployed  on  the  acoustic-back.scallcr  sediment-sensor 
(ABSS)  tripcxl,  also  at  the  9(>-m  site,  to  measure  susi'cnded-scdiment  settling  rales,  lire  device  used  a  25-ctn 
palhlenglli  transrnissometer  to  estimate  sediment  concentmiions  in  a  1  -m  high  box.  The  ends  of  the  box  were  o|)ened 
for  six  hours  eacli  day  to  (wnnit  w-ater  with  ambient  seilmteni  concenli.itions  to  enter,  and  closed  for  18  hours  for 
.settling  meiLSurements.  Transmissornetcr  measurements  arul  the  output  of  a  broad-s|)Cclnim  light  sensor  were 
recorded  in  a  connected  data  logger.  Transmisscxnetcr  and  light  readings  were  recorded  for  the  entire  STRESS2 
experiment,  and  the  mechanism  controlling  tire  box  drxrrs  operated  for  10-15  (Lays  at  the  beginning  of  each 
deployment,  providing  20-30  individual  in  situ  estimates  of  particle  .settling  velocities. 

A  coitrputer-controlled  smart  pump  sampler  (SP.S)  was  also  deployed  on  the  ABSS  tri|xxJ.  Ilie  SI’S 
included  two  systems  for  pumping  four  suspcrulcd-sedimcitt  ,s;itnplcs  through  intake  no/zles  mounted  22  and  235  cm 
alK)ve  the  bottom.  Two  OBS  sensors  wem  mounted  at  the  Siime  elevations  and  provided  optical  estimates  of 
sus[x:nded-scdiment  concentration.  I  wo  comiilcte  time  series  of  OBS  data  and  a  nearly  cornidele  suite  of  pum|H:d 


samples  were  obtained  from  llie  SPS  during  bollt  dcployincnls.  Because  the  computer-controlled  sampling  schedule 
was  calibrated  for  the  liiglicr  sus[)cndcd  sediment  events  measured  during  the  STRESS  1  cxjxirimcnl.  all  of  tlte 
pumjrcd  samples  were  obtained  during  limes  of  relatively  low  conccniratiotr. 

Initial  analysis  of  the  S1RESS2  data  coi. linns  two  oftscrvalions  tnadc  by  previous  investigators:  1)  sediment 
rcsus|)cnsi()n  at  the  mid-sliclf  sites  is  caused  primarily  by  wave  activity  and  mean  currents  seldom  cause  tcsusircnsion. 
hut  2)  sediment  lrans[K)rt  is  controlled  by  mean  currents  and  is  prcdotnin;uilly  alongshore  and  to  the  noith. 
I’rclirnimuy  analysis  of  BASS  data  and  SISS  coivcentration  protil'  s  are  generally  consistent  with  a  steady-state 
balance  Irelween  upward  diffusion  and  downward  settling  of  sus|K’nik  d  material  (Figure  2).  These  results  mean  that 
sediment  profiles  adjust  quickly  to  changing  wave  and  cuncnl  conditions,  and  can  be  used,  in  conjunction  with 
estimates  of  diffusivity  profiles,  to  estimate  sediment  settling  velcKitics.  (Sternberg  ct  al.,  1991).  Such  estimates 
indicate  that  settling  velocities  incrca.scd  during  limes  of  itrcrcascd  wave  activity,  as  did  sediment  concentrations. 
1  he  csliinalcs  of  .settling  velocity  derived  from  concentration  inoliles  agicc  favorably  wiUi  estimates  obtained  fiom 
ROST  (Sherwood  et  al..  1991).  Particle-size  analysis  of  purnj'cd  s.am[)lcs.  ROST  data,  arxl  odier  measurement 
techniques  (Lynch  ct  al.,  1991)  all  indicate  dial  the  size  disirihution  of  susi>cndcd-scdimcnl  is  oiten  bimotkil. 


Analysis  of  llic  data  from  Ixjlh  S  I  RES-S  field  c.xi'crimcnls  will  lx:  comjilctcd  in  FY92.  llic  OBS  data  .and 
|)umj)cd  samples  will  Ire  compared  with  measuiefiicnts  made  by  other  S  1  RESS  rcscarclrcrs.  llic  lime-series  and 
profile  data  will  be  compared  widi  results  of  several  numerical  models  of  su.s[)cndcd-scdjmciit  transjrort.  Results  will 
be  submitted  for  publication. 
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Days  1991 

F'iguic  i.  lime  series  of  sas;vnded  sedimcnl  ci'iv.entralions  estimated  with 
SI  SS  OBS  located  19  and  -il  cm  alKnc  th  ■  N,  <1  (cmab)  .at  the  SI  RESS 
9(J-m  site.  Etch  liourl)  estimate  consists  ol  t<i2  s,nmplcs  made  al  I  Hz. 


Height  (z/za) 


Hiirsm  70.  Day  14  R(07 


Figure  2.  Representative  vertical  profile  of  suspended  sediments  from  STSS  OBS  during 
the  resuspension  event  of  January  14,  1991.  Solid  line  connects  data  from  4 
OBS  at  19,  41.  131.  and  196  cmab.  and  shows  statidard  deviation  at  each 
elevation.  Dashed  lifie  shous  lca.<;t-sqiiafcs  lop-log  Fit,  with  slope/?  =  -1.02  cm 
g'  1.  intercept  C,  =  0.34  g  f'  at  the  lx)ttom  OBS  (r.  =  41  cm),  and  regression 
coefficient  H  =  0.995. 


